Data presented in a previous publication (26) showed that growth and intake of nutrient mineral elements by A. comosus grown in nutrient solutions under greenhouse conditions increased more with high than with low amounts of nitrogen. Data for the same plants on dry matter, chlorophyll, titrable acidity, ascorbic acid, and various carbohydrate fractions are presented below.
Methods Cultural methods were presented in a previous publication (26) . The morphological basis of leaf nomenclature, the technique for sectioning the various organs, and the preparation of the tissues for chemical analysis have also been reported (22) .
A brief review of the system of leaf nomenclature, originally reported elsewhere (22) , may familiarize the reader with the different groups of leaves characterized by an accumulation of nitrogen in water insoluble form whiie is plentiful in the leaves early in the season; later the nitrogen distribution is reversed. TRAUB (28) noted that apple twigs containied, during the most active growth period, higher amounts of amino nitrogen, but lower amounts of protein nitrogen, total sugars, and total carbohydrates. DAS (3) found in sugar cane that increasing nitrogen supplies increased the size of the leaf, the rate of leaf and joint formation, rate of elongation, tillering, yield of cane, uptake of ash constituents, soluble nitrogenous fractions, succulence, and content of reducing sugars, but decreased the concentration of sucrose in the expressed juice. MACY (10) expounded a theory called "the relationship between sufficiency of a nutrient and its percentage content in the plant" which claimed to show that maximal yields of barley and straw are obtained when a certain critical percentage of nitrogen in the tissues is attained. MACY'S theory may be challenged by BOYNTON anid COMPTON'S (1) statement that chemical analysis of leaves for nitrogen, potassium, or magnesium cannot take the place of careful observations on tree behavior, appearance, and development of visible leaf or fruit symptoms; but that such analysis coupled with these observations may make possible a positive diagnosis that neither alone would have permitted. LOEHWING (9) observed in oats, corn, and wheat that high yield in young plants was associated with high carbohydrates and high organic nitrogen, and low yield, with low protein, low carbohydrate and high nitrate content. According to GAUCH and EATON (4), carbohydrate accumulations in barley plants grown in solutions with low and high concentrations of chlorides and sulphates were found to increase in the cultures with high concentrations of Cl or S04 which had also retarded plant growth. McILvANIE (11) found that the total nitrogen content of the roots of Agropyron spicatumn was depleted, in the vegetative stage, to 53% of that present in the formative stage and carbohydrates, 70%
of that occurring at the normal minimum; while the greatest relative amounts of reducing sugars were associated with rapid vegetative growth of sucrose with differentiation, and reserve polysaccharides with the brief rest period prior to secondary growth.
Results

GENERAL APPEAARANCE
The high-nitrogen plants were very vegetative. The leaves were quite long, broad, green, and soft by comparison with the low-nitrogen plants. The latter were smaller, with narrower, shorter, and stiffer leaves and with some die-back symptoms in the terminal regions of the relatively old or mature leaves. The death of such regions was presumably caused by nitrogen deficiency. for the high-N than low-N cultures in both nitrate-and ammonium-nitrogen series ( fig. 1) . Similar values in the combined basal and transitional (nos. 1 and 2) sections of the old (B) leaves which contained some chlorophyll were greater for the high-N than low-N cultures. In the nitrate-N series the basal (no. 1) and transitional (no. 2) sections of the young (E) leaves contained more dry matter for the high-N than low-N cultures. Dry matter values of the stem in the nitrate-N series were greater in the apical and medial but not in the basal sections for the high-N than low-N cultures. Similar values in the ammonium-N series, however, were greater for the low-N than high-N cultures. The ioots contained more dry matter for the low-N than high-N cultures in both series. Additional data indicate that differences in the dry matter content of comparable sections between different cultures resulted mostly from differences in the amounts of organic acids and sugars ( Preliminary studies (26) indicated that the organic acid content of chlorophyllous regions in leaves, as determined by weight, increased with greater plant vigor suggesting that the greater organic acid content of the high-N than low-N cultures had probably resulted from increased respiration caused by a higher rate of metabolic activity. Organic acids, presumably products of respiration, accumulated in plant tissues during the night or periods of darkness, possibly through enzymatic oxidation of sugars, and disappeared during the day or periods of light, also through enzymatic reduction to sugars or by further oxidation to carbon dioxide and water.
The acid content of non-chlorophyllous tissues in the basal leaf sections or in the stem or roots is not affected appreciably by diurnal changes, plant TS. vigwor, or different kinds of nutrition. Therefore, in view of the accumulation of great amounts of organic acids in the chlorophyllous and exceedingly small amounts in the non-chlorophyllous sections, it would be misleading to associate both sections of the leaves with the same type of biochemical reactions generated during respiration. It is hypothetically possible that respiratory activity in non-chlorophyllous tissues lacking in ascorbic acid, a reducing agent, might involve the complete oxidation of sugars to carbon dioxide and water, whereas in the chlorophyllous tissues, amply supplied with ascorbic acid which is not affected by diurnal changes in the pineapple, sugars may be oxidized mostly to intermediary products, e.g., malic, citric, and other carboxylic acids which tend to accumulate in the tissues. 5 ). In the young (E) and active (D) leaves ascorbic acid was generally higher for the high-N than low-N cultures, but in the mature (C) and old (B) leaves the low-N contained more than the high-N cultures.
In view of the fact that our knowledge of the physiological functions of ascorbic acid in plant metabolism is limited, no satisfactory explanation can be offered for the greater accumulations of this substance in the young (E) and active (D) leaves of the high-N cultures or the converse in the low-N cultures.
SUGARS
Total sugars showed greater accumulations for the high-N than low-N cultures ( fig. 6 ). The gradients of sugar concentration in the tissues increased from the transitional (no. 2) to the terminal (no. 5) sections for the high-N but decreased for the low-N cultures in all except the young (E) leaf groups. In the latter group the sugar gradients increased from the transitional (no. 2) to the terminal (no. 5) section for the high-N and low-N cultures.
The chlorophyllous sections of leaves (nos. 2, 3, 4, and 5), associated with carbohydrate production by photosynthetic activity, and the basal sections (no. 1 (table I ). The ratios show that a higher level was attained in the chlorophyllous than in the basal sections for the high-N cultures and the opposite or a negative pressure for the low-N cultures in all leaf groups except the young (E). The greater ratios of readily available carbohydrates (sugars and starch) in the chlorophyllous regions of the leaves of the high-N than low-N cultures should be attributed to the higher content of chlorophyll of the former cultures. PLANT PHYSIOLOGY the lower starch values for the ammonium-N than nitrate-N series might have resulted from a high chloride content in the former series whicll interfered with optimum metabolic activities. In this study starch ratios for the high-N cultures were greater in the chlorophyllous than in the noni-chlorophyllous regions, e.g., the meristematic tissues of the basal sections of the leaves, whereas similar ratios in the low-N cultures were smaller in the chlorophyllous than in the non-chlorophyllous basal sectionis except in the young (E) leaves (table I) .
The data indicate that reduced growth activity caused by low supplies of nitrogen in the substratum may produce great starch accumulations in the basal (no. 1) and transitional (no. 2) sections which result from a low rate of carbohydrate utilization in the formation of new tissues.
HEMICELLULOSE, CELLULOSE, AND LIGNIN Former studies (23, 25) indicated that no significant chalnges resulted from differential treatments of nutrition in the hemicellulose, cellulose, or lignin content of tissues, possibly because these substances representing structural and not energy-yielding units are relatively inert to the metabolic activities of the cell. WINKLER and WLLIAMS (30) , in Vitis vinifera, and WADLEIGH (29) , in Gossypium barbadense, observed that the hemicelluloses are not affected by nutritional conditions because they are not utilized as sources of energy.
Total hemicellulose, and cellulose plus lignin values estimated oni the basis of former findings (24) are compared with other carbohydrate fractions of the tissues (table II) . Discussion The relation of nitrogen to carbohydrate synthesis and accumulationi in plant tissues has been studied and discussed extensively by various investigators in association with vegetative growth and fructification under the title "carbon/nitrogen ratios." THOMAS (27) , reviewing the entire subject of carbon/nitrogen ratios, concluded as follows: (a) Carbohydrates increase in tissues with low growth activity and decrease with high activity; (b) nitrogen of the tissues is high before active growth, but it decreases with active growth, and (c) no specific carbon/nitrogen ratios have beeni found for any response. fig. 6 ). However, the greater sugar concentrations (per gram of tissue) in the high-N than low-N cultures suggest that they resulted from a higher chlorophyll content in the former than latter cultures, but not from a reduced rate of vegetative growth.
Starch accumulations differed from sugars in relation to the chlorophyll content of the plants and rate of vegetative growth (table II) . Between high-N and low-N cultures in the nitrate-N series starch differences per plant of fresh weight were 200.0% in favor of the former cultures, and in the ammonium-N series 65.5% in favor of the lat-ter cultures; the lower starch content of the high-N cultures in this series resulted presumably from chloride toxicity. Similar differences per gram of fresh tissue (mean of all values) were 34.0% in favor of the high-N cultures in the nitrate-N series and 132.5% in favor of the low-N cultures in the ammonium-N series ( fig. 7) . Starch accumulations in the nitrate-N series were directly related to the chlorophyll content of the cultures, but in the ammonium-N series they were apparently influenced more by reduction in vegetative growth than by differences in the chlorophyll content of the tissues.
The data suggest that the small and insufficient nitrogen content of the low-N cultures decreased indirectly the sugar levels of the chlorophyllous sections by limiting chlorophyll synthesis within the available nitrogen supplies.
Preliminary studies (26) showed that titifable acidity in the chlorophyl- nols than with chlorophyll, and the latter asserting that determination of ascorbic acid in separate chloroplasts did not show much difference between that and the leav-es as a whole. Determinations of ascorbic acid in adjoining leaf sections of variegated leaves of Ananas bracteatus show relations of ascorbic acid to chlorophyll for the plus-and minus-chlorophyll sections (table III) .
Ratios of ascorbic acid to chlorophyll were greater for the minus-than for the plus-chlorophyll sections, suggestingc that some other factor in addition to chlorophyll might have contributed toward ascorbic acid synthesis, or that its utilization under chlorotic conditions mig,ht not have been so great as under conditionis of greater chlorophy-ll content in the tissues. Also, it is possible that ascorbic acid, being, very soluble in the sap, may move by diffusion from the plus-to the minuis-clhlorophyll regions of the leaves, enriching the latter. AlthouLgh there is somie relationship between ascorbic acid and chlorophyll content of tissues, the amounts are not strictly proportional (23, 26) .
GUHA and GnIosii (8) associate niannose as the raw material for ascorbic acid synthesis wllile BUKATSCH (2) anid REID (20) claimed tllat sugars produced photosyntlhetically in leaves are responsible for increasing ascorbic acid content of the tissues of these organs. comipounids. MITCHELL (14) reported that v. Euler, Karrer, and Zehender found ascorbic acid or dehydroascorbic acid capable of dehydrating leucine with the formation of ammonia and strongly reducing volatile substances, ancd Abderhalden observed that in the presence of iron and oxy-gen, ascorbic acid deamiiinized and decarboxylated many amino acids.
Summary
The carbohydrate economy of A. comosus was studied in relation to high and low levels of nitrogen (140.0 and 2.8 mg. per liter) supplied to nutrient solutionis either as nitrate or ammonium ions with the following, results:
1. The percentage of dry matter in the chlorophyllous regions of healthy leaves was greater for the high-N cultures than for the low-N cultures, but in the noni-chlorophyllous (basal) and transitional regions, the reverse was true. Similar values in the stem were greater for the high-N cultures in the nitrate series except in the basal section, but lower for the same cultures in the ammonium series.
2. Chlorophyll concentrations in leaf tissues were considerably greater for thehigh-N than low-N cultures. Carotenoids were also greater for the high-N than low-N cultures.
